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Current torque-tension measurement
techniques involve using load washers as
the force measuring transducer. The dis-
advantage of load washers is that they are
too large to be used with fasteners smaller
than about size #8. The device described
here measures the torque-tension rela-
tionship for fasteners as small as #0.
The small-bolt tester consists of a plate
of high-strength steel into which three
miniature load cells are recessed. The
depth of the recess is sized so that the
three load cells can be shimmed, the op-
timum height depending upon the test
hardware. The three miniature load cells
are arranged in an equilateral triangular
configuration with the test bolt aligned
with the centroid of the three. This is a
kinematic arrangement. The three load
cells define a plane and since the test bolt
interfaces at the centroid of the three
load cells, each load cell reacts 1/3 of the
total bolt preload. Because of this, only
one of the three load cells is really re-
quired with the other two being redun-
dant. Having the additional load cells
adds redundancy and confidence to the
system. The signals from the three minia-
ture load cells are read by three individ-
ual force-measurement indicators. 
The test bolt interfaces to a unique
bushing that is recessed from the opposite
side from the load cells. The replaceable
bushings used in the device allow the sys-
tem to test with the appropriate in service
materials if required. The deep recess (or
counterbore) allows for testing of bolts
that are as short as 0.38-in. (≈10-mm).
The outside diameter of the bushing is
threaded to interface with the threaded
recessed hole. There is a hole in the cen-
ter of the bushing where the test bolt
passes through. The bushing material and
hole size can be customized to replicate
actual in-service hardware. This is impor-
tant to account for the different friction
coefficients at the interfaces. 
As a test bolt is tightened, the bolt an-
alyzer continually monitors and records
both the torque and preload until the
target preload is reached. The data are
stored digitally, which allows for easy
data analysis.
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sure block, at the lower end of the piston
shaft. This specimen is pressed down
against the other specimen, which is
mounted in a recess in another block,
denoted the slip block, that can be
moved horizontally but not vertically.
The slip block is driven in reciprocating
horizontal motion by an electrodynamic
vibration exciter outside the pressure
vessel. The armature of the electrody-
namic exciter is connected to the slip
block via a horizontal shaft that extends
into the pressure vessel via a second
shaft seal. The reciprocating horizontal
motion can be chosen to be random
with a flat spectrum over the frequency
range of 10 Hz to 1 kHz, or to be sinu-
soidal at any peak-to-peak amplitude up
to 0.8 in. (≈2 cm) and fixed or varying
frequency up to 1 kHz.
The temperatures of the specimen
and of the vessel are measured by ther-
mocouples. A digital video camera
mounted outside the pressure vessel is
aimed into the vessel through a sapphire
window, with its focus fixed on the inter-
face between the two specimens. A posi-
tion transducer monitors the displace-
ment of the pneumatic-cylinder shaft.
The pressure in the vessel is also moni-
tored. During a test, the output of the
video camera, the temperatures, and the
pneumatic-shaft displacement are moni-
tored and recorded. The test is contin-
ued for a predetermined amount of time
(typically, 10 minutes) or until either (1)
the output of the position transducer
shows a sudden change indicative of
degradation of either or both specimens,
(2) ignition or another significant reac-
tion is observed, or (3) pressure in the
vessel increases beyond a pre-set level
that triggers an automatic shutdown.
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